The aim of this study was to estimate the impact of antiphospholipid (aPL) antibodies on the risk of incident thromboembolism (TE; arterial and venous) in children via meta-analysis of published observational studies. A systematic search of electronic databases (Medline, EMBASE, OVID, Web of Science, The Cochrane Library) for studies published from 1966 to 2010 was conducted using keywords in combination both as MeSH terms and text words. Two authors independently screened citations and those meeting the a priori defined inclusion criteria were retained. Data on year of publication, study design, country of origin, number of patients/controls, ethnicity, TE type, and frequency of recurrence were abstracted. Heterogeneity across studies was evaluated, and summary odds ratios (ORs) and 95% confidence intervals (CIs) were calculated using either fixed-effects or random-effects models. Of 504, 16 pediatric studies met the inclusion criteria. In total 1403 patients and 1667 population-based controls 18 years were enrolled. No significant heterogeneity was
discerned across studies, and no publication bias was detected. Thus, data from arterial and venous TE were analyzed together. In addition, meta-regression analysis did not reveal statistically significant differences between site of TE, age at first TE, country, or publication year. A statistically significant association with a first TE was demonstrated for persistent aPL antibodies, with an overall summary ORs/CI of 5.9/3.6-9.7 (arterial 6.6/3. 5-12.4 ; deep vein thrombosis 4.9/2.2-10.9). The present meta-analysis indicates that detection of persistent aPL is clinically meaningful in children with, or at risk for, TE and underscores the importance of pediatric thrombophilia screening programs.
KEYWORDS: Antiphospholipid antibodies, thromboembolism, recurrence, children, meta-analysis Antiphospholipid syndrome (APS) is a multisystem autoimmune disease, characterized by arterial and/or venous thrombosis, recurrent fetal loss, and persistent circulating antiphospholipid (aPL) antibodies. 1 This syndrome can be either primary or secondary to other autoimmune diseases, with 9 to 14% in children with systemic lupus erythematosus. [2] [3] [4] Pediatric primary APS is very rare, and disease onset before age 15 occurred in only 2.8% of patients from the largest published/reported APS cohort. Adapted from the adult definition, pediatric APS has been defined as one or more arterial or venous thrombosis associated with persistent aPL antibodies, that is, immunoglobulin M (IgM) or immunoglobulin G (IgG), anticardiolipin (ACL), anti beta-2 glycoprotein 1 antibodies, 28 or the presence of lupus anticoagulants, summed up as antiphospholipid antibodies (APLA), confirmed in at least one follow-up examination more than 12 weeks apart. 29 It is obvious that obstetric morbidity, the first of the two diagnostic clinical criterion, is not applicable in children, and as far as vascular thrombosis is concerned, the second criterion, the children are less prone to it due to rarity of additional thrombophilic risk factors such as atherosclerosis and use of oral contraceptives in this age range. On the other hand, many important and common manifestations of the syndrome are not included, such as livedo reticularis, chorea, and thrombocytopenia. However, the same criteria are used for classification of pediatric APS without any validation in children. 29 In front of the diagnostic challenge presented by aPL syndrome in childhood, a correct and early diagnosis of this risk condition is likely to produce striking benefit in term of morbidity. In fact, aPL plays an important role in the pathogenesis of pediatric thromboembolism (TE). [6] [7] [8] Interestingly, arterial TE or stroke are more often associated with primary APS as compared with deep venous thrombosis (DVT), which is observed predominantly in children with secondary APS. 6 Nevertheless, results of single studies on the risk of TE onset associated with APS have been contradictory or inconclusive, mainly due to lack of statistical power. The aim of this article and systematic meta-analysis on published observational studies was to estimate the impact of APS on risk of childhood arterial and venous TE.
METHODS
The present systematic review and meta-analysis was performed in accordance with Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines recently published, 30 with adaptations as further described below.
Inclusion/Exclusion Criteria
Published studies of TE in children 18 years of age from 1966 through August 2010 were evaluated for inclusion if (1) aPL antibodies or the presence of lupus anticoagulants were individually investigated in a given TE cohort (descriptive analysis), and if (2) the frequency of aPL was compared between TE patients and control subjects without history of TE in a given study (meta-analysis). Pediatric TE events of any location objectively confirmed by suitable imaging methods were included. In addition, for inclusion, publications must have reported the country of origin, study design, ethnicity, numbers of patients/controls, type of TE (arterial vs. venous), number of individuals tested for aPL, screening tests performed, and laboratory methods (including criteria for normal/abnormal results). For the purposes of the present work, a classification of arterial TE was used to include both peripheral arterial thrombosis as well as arterial ischemic stroke. Case reports and case series/studies in which less than 50% of cases were systematically screened for aPL, publications reporting asymptomatic thrombosis, and studies with unclear laboratory/analytical methodology to differentiate between transient and persistent aPL were not included (except in instances wherein this distinction was subsequently clarified in personal communication with the responsible authors; only cases with inherited deficiency states were included in the analyses).
Search Strategy
A systematic search of publications listed in the electronic databases (Medline via PubMed, EMBASE, OVID, Web of Science, The Cochrane Library) from 1970 to August 2010 was conducted using the following keywords in combination both as MeSH terms and text words: (''arterial thrombosis'' OR ''stroke'' OR ''deep vein thrombosis'' OR ''thromboembolism'' OR ''venous thromboembolism'' OR ''pulmonary embolism'' OR ''renal venous thrombosis'' OR ''cerebral venous thrombosis'') AND (''neonate'' OR ''infant'' OR ''children'' OR ''child'' OR ''childhood'' OR ''adolescents'' OR ''pediatric'' OR ''paediatric'' NOT ''adult'') AND (''thrombophilia'' OR ''prothrombotic'' OR ''procoagulant'' OR ''antiphospholipid antibodies'' OR ''lupus anticoagulant'' OR ''anticardiolipin antibodies'' OR ''antibodies''). In addition, reference lists of journal articles identified through the aforementioned search were then manually searched to locate additional studies. The search strategy had no language restrictions. Citations were screened and classified into cohort/case-control, case series, or registry data by two independent group members (A.C. and H.v.O.). Those meeting the inclusion criteria were retained. The decision to include or exclude studies was hierarchical, initially made on the basis of the study title, followed by the abstract, and finally the complete body text. In the event of conflicting opinions, resolution was achieved through discussion.
Data Extraction
To avoid possible double counting of patients included in more than one report of the same authors/working groups, the patient recruitment periods and catchment areas were evaluated and authors were contacted for clarification. If the required data could not be located in the published report, the corresponding author was contacted to provide the missing data of interest. Multiple reviewers checked data extractions for accuracy.
Study Design Classification
In this meta-analysis, studies were classified as having a ''cohort'' design when subjects with and without a factor being investigated were followed up for development of the outcome of interest. Studies were classified as having a ''case-control'' design when individuals grouped by outcome (i.e., cases having the outcome/disease of interest and controls without the outcome/disease) were compared for the presence of a risk factor of interest. A ''case report'' or ''case series'' was defined as one case or a group of cases of a particular outcome of interest with no control group. Studies were classified as having a ''registry'' design when consisting of a multicenter populationbased (ascertainment of >90% of cases available) case series employing predefined standardized data collection criteria, but no requirement for longitudinal follow-up data collection. 31 
Missing Data
Studies in which symptomatic pediatric TE patients were not screened for aPL or studies in which the aPL screening was <50% of cases, or was performed in sporadic cases only were not included in the present meta-analysis. When the percentage of patients screened for aPL was not clear from the manuscript, the authors were asked for clarification.
Statistical Analyses
Data analyses were performed using STATA version 9 (StataCorp LP, College Station, TX), StatsDirect version 2.6.6 (StatsDirect Ltd., Altrincham, Cheshire, UK) and Comprehensive Meta-analysis version 2.2.046 (Biostat Inc., Englewood, NJ). Continuous data are presented as median (minimum-maximum: min-max) values. For meta-analysis, summary ORs and 95% CIs were calculated from the effect estimates of the individual studies weighted by standard error using both a fixed-effects model (weighting each estimate by its standard error, via the Mantel and Haenszel method) and a random-effects model (estimating between-study variance in effect measures according to DerSimonian and Laird) 32 ; the latter approach was used to control for heterogeneity, according to Higgins et al. 33 aPL were analyzed together and compared with the absence of aPL as reference category. A p value <0.05 was considered statistically significant. In addition, meta-regression analysis was performed to evaluate statistical significant differences between locations of TE, age at first thromboembolic event, country, or publication year. Heterogeneity among studies was assessed using I 2 statistics: when p < 0.05, presence of heterogeneity was considered statistically significant, and when I 2 >50%, magnitude of heterogeneity was considered substantial. 34 Funnel plots of effect size against standard error and a modified linear regression test were used to describe the presence of publication bias. The authors had full access to and take full responsibility for the integrity of the data. All authors have read and agreed to the manuscript as written.
RESULTS

Descriptive Analyses
From 504 potentially relevant citations ascertained from electronic databases and search of reference lists, 16 cohort/case-control studies or case series/registries from 7 countries finally met the inclusion criteria for descriptive analysis (Table 1 ; Fig. 1 ). Beginning in 1999, the presence of aPL was systematically investigated in childhood TE (nine studies in arterial TE and seven studies in pediatric index cases with venous TE). The median (min-max) age at onset in studies reporting TE was 5.3 years (0.1 to 14.5) and in 74 of 1380 patients (5.4%), persistent aPL were diagnosed. Of note, due to author's clarification individual numbers of patients and controls in the studies listed in tables may vary from original study manuscripts. Table 2 summarizes the number of studies and patients included in the meta-analysis. As no significant heterogeneity was discerned across studies, summary ORs and 95% CIs under a fixed-effects model are shown. Summary ORs were calculated separately by TE type (arterial vs. venous events or DVT), and then pooled across: since heterogeneity assessment did not reveal any statistically significant effect of locations of TE type. Further, metaregression did not reveal any effect of age at first thromboembolic event (Fig. 2) , study country or publication year, pooled summary ORs were preferred. As depicted in the Forest plot of Fig. 3 , a statistically significant association with a first TE during childhood was demonstrated for the presence of persistent APLA, with an overall summary OR/CI of 5.9/3.6-9.7 (arterial TE: 6.6/3.5-12.4; venous TE: 4.9/2.2-10.9). Fig. 4 depicts the funnel plot of effect size against standard error for each study investigated, which was broadly symmetrical and consistent with the conclusion that there was no major publication bias.
Meta-Analyses
DISCUSSION
Apart from registry data on the role of aPL in children with TE to the best of our knowledge this is the first meta-analysis on observational studies investigating the association of aPL and TE in children including com-bining recent data from children with stroke. The presence of aPL show a significant association with first onset of pediatric TE, with the highest ORs found for arterial thrombosis or stroke. Our findings are concordant with data from the international pediatric APS registry, 6, 35 however, vary in the fact that we could not find a different age distribution between types of TE in regression analysis.
In an Israeli study including 28 pediatric APS patients it was shown that the thrombotic event may be spontaneous or due to predisposing factor, such as vascular stasis, trauma, surgery, use of oral contraceptives, and inherited thrombophilia. DVT of the lower limbs was the commonest thrombosis in pediatric APS patients in the Israeli cohort. A high rate of progression to lupus in girls with primary APS was found in that cohort, yet neither renal nor any heart and skin disease appeared during follow-up. Recurrent thrombotic events were less frequent in patients who received anticoagulant therapy. The study also found a high rate of inherited thrombophilias (45% of patients) and proposed that aPL may serve as a ''second vascular hit'' in children, thus thromboses tended to recur if proper long-term anticoagulation was not applied. 7 The recently published pediatric APS registry reported earlier thrombotic manifestations in children with primary versus secondary APS with a similar gender distribution. In this retrospective registry 60% of the thromboembolic events reported were of venous thrombosis and thrombosis of arterial origin reported in 32% of cases were mainly pediatric stroke. 35 This project of an international registry of pediatric patients with APS was initiated in 2004 to foster and conduct multicenter, controlled studies with large number of pediatric APS patients. The Ped-APS Registry was organized as a collaborative project of the European Forum on aPL and Juvenile Systemic Lupus Erythematosus Working Group of the Pediatric Rheumatology European Society. 36 Currently, it documented a standardized clinical, laboratory, and therapeutic data of 133 children with aPL-related thrombosis from 14 countries.
In addition to symptomatic TE reported in infants, children, and adolescents, rare cases of perinatal thrombosis in infants born to mothers with APS or aPL have been reported. 37, 38 In this neonatal registry positive aPL tests were observed in most infants and the clinical presentation consisted of arterial and venous thromboses in multiple localizations being similar to adult APS patients. The contribution of aPL to the multifactorial nature of perinatal arterial stroke is not yet well defined. In a mother-infant cohort study, 27 evidence of aPL antibodies, in either mother or child was significant. More than one-fifth of perinatal stroke infants in this study tested positive for aPL, and aPL was found in 18.2% of mothers compared with 4.7% of control mothers.
Although the clinical and laboratory manifestations of this subgroup are consistent with the diagnostic criteria of APS, their disease behaves differently and rarely recurs, as opposed to thromboembolic events in older children with APS. 35 Thus, perinatal stroke in children with APS deserves special consideration and may not require anticoagulant therapy unless other risk factors prevail.
The current literature review and meta-analysis clearly show that pediatric APS plays an important role Figure 3 Cumulative Forest plot shows odds ratios and 95% confidence intervals (CIs) for observational studies investigating the influence of persistent antiphospholipid antibodies on first onset of symptomatic TE in children. The study author and year of publication are indicated on the y axis. The box for each study is proportional to the inverse of variance; horizontal lines show the 95% CI of the ORs. The pooled estimate is based on a random effects model shown by a vertical line and diamond (95% CI). Studies are listed in descending order by year of publication. Studies with patients/controls events counted as ''zero'' are not depicted. Figure 4 Depicts the funnel plot of effect size against standard error for each study investigated and was broadly symmetrical, which was consistent with the conclusion that there was no major publication bias. among thrombophilic risk factors for thrombosis in young infants and children.
Limitations of the present meta-analysis are several. First, the included studies were conducted over different time periods; therefore it has to be taken into consideration that diagnosis and treatment modalities including referral patterns might have changed over time. Second, most of the studies included in our meta-analysis were undertaken in white children with TE, thus it is unknown if our findings can be extrapolated to other ethnic groups. Third, although formal testing did not show a publication bias it cannot completely ruled out considering the rarity of the disease and the small number of studies available in the field of pediatric TE. Fourth, given the relatively small number of infants included in the original studies and hence this meta-analysis, its findings may not be able to be extended to this age group.
Notwithstanding these limitations, the findings of the present meta-analysis that persistent aPL is associated with TE onset in children have important implications for future advancement of the field. The results of this meta-analysis suggest that future investigation of secondary prevention in pediatric venous TE should include trials of prolonged anticoagulant treatment duration targeting high-risk inherited thrombophilia groups, as well as study of primary prophylaxis against TE in highrisk situations among children without history of TE who are identified to have persistent aPL antibodies.
